A 2-year-old, female, simian immunodeficiency virus E543-infected rhesus macaque (Macaca mulatta) was presented for necropsy following euthanasia due to a history of diarrhea, weight loss, and a small, round ulcer along the left labial commissure. Histopathologic examination of the ulcer revealed infiltration by large numbers of degenerate and nondegenerate neutrophils and macrophages admixed with syncytial epithelial cells. Rare epithelial cells contained herpetic inclusion bodies. These cells stained positive for Human herpesvirus 1 via immunohistochemistry, and DNA sequencing confirmed the presence of closely related Macacine herpesvirus 1 (B virus).
A 2-year-old female rhesus macaque was imported into the New England Primate Research Center conventional colony following routine quarantine, where it tested seropositive for simian T-lymphotropic virus but negative for simian retrovirus and Macacine herpesvirus 1 (B virus). The animal was inoculated intravenously with simian immunodeficiency virus (SIV) E543 1 year prior to presentation as part of a viral titration study. Excepting routine phlebotomy, no other experimental manipulations were performed. During the course of 1 year, the animal developed diarrhea and weight loss, consistent with chronic SIV infection. Three days prior to euthanasia, a small, round ulcer was noted at the left labial commissure. At necropsy, the ulcer measured 5 mm in diameter and spanned the mucocutaneous junction of the lip. Apart from soft stool and splenic follicular hyperplasia, common findings with chronic SIV infection, no significant gross lesions were observed.
Microscopic Findings
Histopathologic examination revealed a crateriform defect spanning the mucocutaneous junction of the left lip that was covered with a thick mat of fibrin, cellular debris, and scattered colonies of coccal bacteria. The border between the adjacent viable epithelium and the necrotic epithelium was sharply demarcated, and the underlying lamina propria was infiltrated by large numbers of neutrophils and occasional macrophages ( Fig. 1 ). Rare epithelial cells bordering the ulcer and associated with remnants of hair follicles contained ill-defined, glassy, eosinophilic, intranuclear inclusion bodies ( Fig. 2 ). Syncytial cells containing between 2 and 7 nuclei were present deep within the lesion.
Differential Diagnoses
Ulcerative cheilitis and stomatitis in macaques are usually traumatic or viral in origin. The histology, however, confirms a viral cause. Salient features of this case include (1) localized presentation, (2) primarily ulcerative lesion, (3) viral tropism for cutaneous and mucous epithelia, (4) formation of intranuclear inclusion bodies, and (5) the presence of syncytial epithelial cells. The primary differential diagnosis is Macacine herpesvirus 1. To the authors' knowledge, clinical cases of Human herpesvirus 1 (herpes simplex virus-1/HSV-1) have not been reported in macaques, but HSV-1 causes similar lesions in a variety of other primate species and was considered as a possible diagnosis. 8 Both of these viruses will cause localized ulcerative oral lesions with syncytia and intranuclear inclusions.
Patent infections with the b-herpesvirus rhesus cytomegalovirus (rhCMV) in rhesus macaques may also result in ulcerative oral lesions. This occurs most commonly through neutrophilic facial neuritis leading to inadvertent self-trauma to the affected area. rhCMV will also form intranuclear inclusion bodies, but it rarely causes epithelial syncytia, nor does it exhibit tropism for keratinocytes or oral mucosal epithelium. 1 The opportunistic g-herpesvirus rhesus lymphocryptovirus (rhLCV) has a predilection for oral and esophageal mucosa and forms intranuclear inclusions, but the lesions consist of plaques of proliferative, parakeratotic epithelium rather than ulcers. 2 Another a-herpesvirus, simian varicella virus (SVV), can cause both syncytia and intranuclear inclusions, but cutaneous lesions are more common than oral involvement and the disease is systemic rather than localized. 3 Measles virus (MV) can cause syncytia and intranuclear (as well as intracytoplasmic) inclusions, and infection can result in small white lesions of the oral mucosa known as Koplik's spots. Koplik's spots, however, are papular eruptions characterized by parakeratosis rather than ulceration. 10 Also, similar to simian varicella, measles presents as a systemic illness. Likewise, adenoviruses (AV) and polyomaviruses (PV) can cause intranuclear inclusions, but these viruses do not target skin or oral mucosa. A summary of potential causes and their associated characteristics is provided in Table 1 . 
Immunohistochemistry and DNA Sequencing
Immunohistochemical staining for Simplexviruses was carried out using a rabbit polyclonal antibody to HSV-1 lysate (Dako B0114, Dako Corporation, Carpinteria, CA) at a 1:1000 dilution. Epithelium bordering the lesion and syncytia deeper within the lesion were both strongly positive (Figs. 3, 4 ). To differentiate between B virus and HSV-1, DNA was isolated from the paraffin block containing the lip lesion by means of the QIAGEN QIAamp DNA FFPE Tissue Kit (Valencia, CA). Polymerase chain reaction (PCR) was carried out using primers 5 0 -CAA GCT CAC CGA CGT CTA CA-3 0 and 5 0 -CCG GTA GTT GAG GTC CTT CTT-3 0 designed to amplify a 244 base pair fragment from B virus UL30. A single band of the expected size was isolated by agarose gel electrophoresis and submitted for DNA sequencing. One hundred seventy-one base pairs of interpretable nonprimer sequence were read and showed 100% homology to Macacine herpesvirus 1 strain E2490 (Genbank AF533768.1) by BLAST search. By contrast, the closest matching human herpesviruses were various isolates of Human herpesvirus 2 (beginning with Genbank HQ123176.1), which showed only 91% homology.
Diagnosis
Following histopathologic and immunohistochemical examination, the diagnosis in this case was severe, locally extensive, acute, necroulcerative cheilitis with syncytial cells and intranuclear herpetic inclusions (Macacine herpesvirus 1).
Discussion
Current taxonomic nomenclature refers to B virus as Macacine herpesvirus 1, but older reports use the names Cercopithecine herpesvirus 1 or Herpesvirus simiae. B virus is an a-herpesvirus of the Simplexvirus genus closely related to HSV-1 of humans. Disease in macaques closely parallels that of HSV-1 in infected humans. Infection is normally asymptomatic because of latent infection of the trigeminal ganglia, and shedding usually occurs in the absence of any gross lesions. When gross lesions do occur, they are typically mild and self-limiting, consisting of conjunctivitis, vesicles on the lips and face, or ulcers in the oral mucosa that heal without scarring. Cases of fulminate, disseminated infection have been reported, but these are uncommon. 7, 9 Although this particular animal was immunosuppressed because of concurrent SIV infection, B virus shedding and patent infection can occur in immunocompetent animals and B virus should be considered a primary, rather than opportunistic, infection. Although macaques are the primary host and reservoir species, one report has confirmed natural transmission to capuchin monkeys, suggesting that the potential host range may be broader than currently appreciated. 5 Concern over B virus arises because of its high zoonotic potential. In humans, the virus causes severe encephalomyelitis that approaches an 80% mortality rate in untreated cases. B virus is thus classified as a Risk Group 4 pathogen and select agent by the US Department of Health and Human Services. Transmission usually occurs via infected saliva. Veterinarians and animal care workers are at high risk given the potential for bite wounds, needle sticks, and potential splash exposures to eyes. Personnel working with unfixed tissues of macaque origin must also exercise extreme caution. Symptoms in humans include painful or pruritic vesication at the site of inoculation within 1-5 days followed by paresthesia and/or paresis in the exposed extremity progressing to central nervous system (CNS) involvement. In rare instances, primary exposure is never recognized and CNS symptoms develop acutely within a month. Serologic diagnosis in infected humans is difficult due false positives resulting from cross-reactive anti-HSV antibodies. Accurate serological assessments must be made with competitive ELISA and confirmed by B virus antigen-specific Western blot. 6 Postexposure prophylaxis and therapy consist of treatment with thymidine analogues (the ''-cyclovir'' family of drugs). 4 Given the serious zoonotic risk, research colonies should attempt to maintain B virus-free animals. The animal discussed in this case tested seronegative during quarantine; however, the original supplier had documented a previously positive test, and antemortem serum collected from the animal and submitted to the National B Virus Resource Center yielded an indeterminate result. The unreliability of serologic testing underscores the need to maintain adherence to proper biosecurity protocols when working with a macaque colony.
Declaration of Conflicting Interests
The authors declared that they had no conflicts of interest with respect to their authorship or the publication of this article.
Financial Disclosure/Funding
